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Major  Caliber  HC  Projectiles 


PART  A 
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1*  This  test  was  conducted  to  determine  the  fragmentation  charac- 
teristics of  12”  Mk  17  and  14”  Mk  19  HC  projectiles,  Explosive  ”D” 
loaded* 

2*  a*  The  12”  HC  projectile  when  compared  to  the  14”  HC  projectile 
produced  about  35#  more  fragments  weighing  2-1/2  to  640  grams  and 
considerably  less  fragments  weighing  over  640  grams  in  polar  angle 
zone  60 • - 120°  • About  85#  of  the  projectile  fragment  weight  of  - 
either  projectile  was  expelled  in  zone  60°  - 120° • 

b*  The  12”  and  14”  projectiles  produced  average  median  beam 
spray  fragment  velocities  of  2140  ft/sec  and  2210  ft/sec  respec- 
tively. 
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1.  AUTHORITY i 

This  test  was  authorized  by  reference  (a)  and  conducted  under 
Task  Assignment  NPG-36-Re3d -418-1  which  was  renewed  by  Task  Assign 
ment  NPG -Re3d -418-1 -53 » reference  (b). 

2.  REFERENCES! 

a.  BUQRD  Conf  ltr  S78-1Q17)  Ro3d  ANB:bc  of  14  June  1949 
to.  BUQRD  ltr  NP9  Re3d-ANB*bc  of  29  July  1952 

c.  NPG  Conf  TelCon  to  BUORD  S78-1C66-1)  TZiVWildd  of 
21  June  1950 

d.  BUORD  Conf  ltr  878-1(117)  Re3d-AIDIibc  Ser  46693  of 
24  Octotoer  1952 

e.  NPG  Report  No.  129  of  19  Octotoer  1948  t 

3.  BACKGROUND! 

a.  Reference  (a)  requested  that  fragmentation  tests  of  12", 
14** , and  16"  HC  projectiles  too  conducted  over  the  water  pit  with 
the  projoctlles  in  horizontal , base  down  and  nose  down  positions. 
The  tosts  requiring  base  down  and  nose  down  positions  of  the  14" 
and  16"  projectiles  were  cancelled  by  reference  (c)  and  the  hori- 
zontal position  test  of  the  16"  projectile  was  cancelled  by  refer- 
ence (d).  This  action  was  taker,  because  of  fragment  hazard  to 
nearby  Naval  Proving  Ground  installations  and  the  possibility  of 
damage  to  privately  owned  property. 

b-  Base  fragment  velocities  of  projectiles,  3U  through  l6", 
aro  being  determined  and  will  be  the  subject  of  a separate  report. 

4.  OBJECT  OF  TEST! 

This  test  was  conducted  to  determine  the  fragmentation  charac- 
teristics of  12"  Kk  17  and  14"  Mk  19  HC  projectiles,  Explosive  "D" 
loaded. 
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5*  PERIOD  OF  TESTS 


a. 

Dates  Project  Letters 

14  June  1949 

21  June  1950 

24  October  1952 

b. 

Date  Necessary  Material  Received 

15  June  1949 

c. 

Date  Commenced  Test 

28  October  1949 

d. 

Test  Firing  Completed  (12"  and  14") 

14  June  1950 

o • 

16*  Firing  Cancelled 

24  October  1952 

EARX..C 

- 

: vwra&js&si 

i 

6.  DESCRIPTION  OF  ITEM  UNDER  TESTS 

a.  12"  HC  projuetilos,  Uk  17  Mod  2,  Lot  4,  Explosive  »D" 
loaded  and  assembled  with  Mk  55  ADF  and  Mk  29  PDF,  both  modified 
for  static  detonation. 

b.  14"  HC  projoetile,  Mk  19  Mod  4,  Lot  13,  Explosive  "D" 
loadod  and  assembled  with  Mk  55  ADF  and  Mk  29  PDF,  both  modified 
for  static  detonation. 

o*  The  projectile  and  explosive  weights  are  as  follows! 


Empty  and 


Rd. 

Mjl 

fcroJ. 

Firing 

fcasttaan 

fuzed 

Exp.  "D" 
Wt.  Clbs) 

Total 

EiafaJSa. 

1 

12" 

Horizontal 

856.8 

79.4 

936.2 

1421 

2 

u 

n 

855.8 

it 

935.2 

1422 

3 

M 

w 

O r0  .*  ft 

•• 

•• 

934.2 

1423 

4 

It 

Base  Down 

854.8 

it 

934.2 

1425 

5 

It 

Nose  Down 

856.8 

it 

936.2 

1429 

1 

14" 

Horizontal 

1170.0 

104.2 

1274.2 

1450 

2 

w 

it 

1164.2 

ii 

1268.4 

1460 

3 

tl 

it 

1168.1 

it 

1272.3 

1479 
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7.  DESCRIPTION  OP  TEST  EQUIPMENT* 

a*  Wator  Pit*  A 15*  square  oponing  at  ground  level  leading 
into  a 20*  square  by  10*  deep  chamber  filled  with  water.  Pro- 
jectiles are  suspended  directly  above  the  opening  by  the  use  of  a 
horizontal  beam,  such  that  (1)  if  the  projectile  is  in  a horizontal 
position,  1/6  or  the  fragments  in  the  zone  60*  -120*  are  trapped 
in  the  water  pit.  (2)  if  the  projectile  is  suspended  in  a nose  down 
position,  all  of  the  fragments  in  the  zone  0°  -30*  are  trapped  in 
the  wator  pit,  and  (3)  If  the  projectile  is  suspeMed  in  a base 
down  position,  all  of  the  fragments  in  the  zone  150*  - 180*  are 
trapped  in  the  water  pit*  All  zones  are  polar  angle  zones  measured 
from  the  nose,  0** 

b*  20*  high  vertical  stool  panels  80*  from  the  projectile  in 
zone  91*  - 104*  wero  utilized  for  fragment  velocity  determinations 
along  with  a 35mm  Fastax  Camora*  A photograph  of  the  water  pit 
set  up  is  shown  In  Figure  1, 

8*  RESORTS  AND  DISCUSSION* 


a*  Mass  distribution  for  zone  60*  - 120**  The  recovered  frag- 
ments aro  shown  in  Figures  2 to  9,  inclusive,  and  the  dctailod  mass 
distribution  data  aro  listed  in  Tables  I and  II.  The  summarized 
data  aro  as  follows* 


Fragment 
wt.  group 

JLgffltt al- 


1/6  .of  .Total  No*.FxagffiQRta...ilL.agA9  60°  ; 

12"  lie  . - 14”.  HC 

Rd.  1 fid.  2 & Rd.  R average  Rfl,g.t,  1 & 3 ftYPIAKO, 


2-1/2  - 10  567 

10  - 40  437 

40-160  316 

160  - 640  72 

640  + 1 


184 

99 

148 

116 

150 

112 

87 

82 

6 

35 

Round  No.  1 of  tho  12M  HC  projectile  had  a much  finer  fragment  mass 
distribution  than  Rounds  Nos.  2 and  3 and  was  not  used  in  averaging 
tho  data.  Metallurgical  examination  of  tho  fragments  of  these  pro- 
jectiles (Appendix  vD))  indicated  that  the  only  difference  in  prop- 
erties was  tho  distinctly  greater  brittleness  of  Round  No.  1,  as 
evidenced  by  tho  Charpy  tost.  It  is  well  known  that  a more  brittle 
case  material  tends  to  give  a finer  fragmentation;  for  example, 
cast  iron.  Reference  (e)  indicated  that  the  increased  brittlenoss 
of  a 5”  prbjectile  body  caused  by  a decrease  in  its  temperature  was 
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roflectod  in  a finer  fragmentation*  The  anomalous  results  obsorvod 
for  Round  No.  1 aro  thorefore  attributed  to  its  brittlonoss*  The 
12M  HC  projectile  (excluding  Round  No.  1)  produced  approximately 
35#  more  fragments  weigiing  2-1/2  to  640  grams  than  the  14»»  HC 
projectile  in  polar  angle  tone  60°  - 120°.  About  85#  of  the  pro- 
jectile fragment  weigit  of  either  projectile  was  oxpellcd  in  zone 

60°  - 120°  • 


b.  Mass  distribution  for  zones  0®  - 30°  and  150®  - l80®i  The 
0®  - 30®  fragments  represent  1-1/2#  and  the  150°  - 180®  fragments 
represent  6-1/2#  of  tne  projectile  fragment  weight*  Iho  summarized 
data  are  as  follows » 


Fragmont 
Weight  Group 
(grams). 


Total  No.  Fragments 

12”  HC  

- 10°  3. SO*  - ltjQ- 


2-1/2  - 10 
10-40 
40-160 
160  - 640 
640  + 


8 

8 

5 

9 

L 


200 

96 

?6 

41 

5 


c.  Fragmont  velocity i The  detailod  beam  spray,  91®  - 104®, 
fragment  velocity  data  listed  in  Tables  HI  and  IV  aro  summarized 
as  follow si 


Median  r zamj& JLdasjUffi,  Cft/sosl 
ad.  Mo..  12"  ho  EO£ 


1 

2 

3 


2110 

2130  2230 
2170  2290 


Avorage  2140  2210 


The  above  velocities  are  a mean  measured  over  the  first  80  feet 
of  travel. 
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9*  a*  Tho  12"  HC  projectile  when  compared  to  the  14”  HC  projectile 
produced  about  3552  more  fragments  weighing  2-1/2  to  640  grama  and 
considerably  lest*  fragments  woighing  ovor  640  grams  in  polar  angle 
zone  60°  - 120° • About  85#  of  the  projectile  fragment  weight  of 
either  projectile  was  expelled  in  zone  60*  - 120° • 

b*  The  12"  and  14"  projectiles  produced  average  median  beam 
spray  fragment  velocities  of  2140  ft/sec  and  2210  ft/sec  respec- 
tively* 
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The  tests  upon  which  this  report  is  based  were  conducted  by* 

V*  V/ILSONj  Lieutenant.  USN,  Fragmentation  Firing  Officer 
Fragmentation  Division 
Terminal  Ballistics  Department 

This  report  was  prepared  by i 

¥*  PHILIPCHUK,  Fragmentation  Battery  Officer 
Fragmentation  Division 
Terminal  Ballistics  Department 

H*  £•  ROMINE,  Head,  Armor  and  Projectile  Metallurgy  Divisl9n 
Terminal  Ballistics  Department 

This  report  was  reviewed  by i 

R*  H.  LYDDANE,  Director  of  Research 

Terminal  Ballistics  Department 
£•  L.  LEVSTIK,  Lieutenant  Commander.  U SNR 

Terminal  Ballistics  Eatteries  Officer 
Terminal  Ballistics  Department 
W«  B.  ROBERT SON,  Lieutenant  Commander,  USN 
Terminal  Ballistics  Officer 
Terminal  Ballistics  Department 
C*  C«  BRAMBLE,  Director  of  Research,  Ordnance  Group 


APPROVED t J.  F.  BYRNE 
Captain,  USN 

Commander,  Naval  Proving  Ground 

E.  A.  BUCKNER 
Captain,  USN 
Ordnance  Officer 
By  direction 
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data 


Base  Line;  80  feet 


35mm  Fas tax  Camera 

3120  frames 

per  sec • 

Rd.  1 - 12"  HC  Mk  17-2 

Filler:  Em 

jlosive  "D" 

Total  Weight  936.2  lbs. 

Filler  Weigt 

it  79.4  lbs. 

Frame  in  Whic  i 

Zon6  91*  - 104® 

MWmmm 

113 

2 

2210 

114 

2 

2190 

115 

2 

2170 

116 

2 

2150 

117 

2 

2130 

119 

4 

2100 

120 

3 

2080 

121 

2 

2060 

122 

2 

2050 

123 

1 

2030 

127 

2 

. 1970 

128 

1 

1950 

Median 

2110 

Average 

21C0 
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TABLE  XII  (Continued! 


Base  Lines  80  feet 
35mm  Fastax  Camera 
Bd.  2 - 12"  HC  Mk  17-2 
Total  Weight  935*2  lbs. 


3420  frames  per  sec. 
Fillers  Explosive  "DM 
Filler  Weight  79.4-  lbs. 


Frame  in  Which 


Zone  91°  - 104°  . 

No.  Fragments  Velocity  (f/s 1 


124 

126 

127 

128 


129 

130 

131 

132 


2 

2 

1 

1 

2 

3 

1 

2 


2210 

2170 

2150 

2140 

2120 

2100 

2090 

2070 


Median 

Average' 


2130 

2130 
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Major  Caliber  HC  Projectiles 


Base  Line i 80  feet 
35mm  Fa stax  Camera 
Rd*.  3 - 12"  HC  Mk  17-2 
Total  Weigit  934.2  lbs. 


3140  frames  per  sec. 
Filler*  Explosive  "D" 
Filler  Weight  79*4  lbs. 


Frame  in  Which 


Zone  91°  - 104® 


Median 

Average 


2220 
2200 
21 80 
2170 
2150 
2130 
2110 
2080 
2060 
2040 
2030 

2170 

2140 
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FRAGMENT  VELOCITY,  DATA 


Base  Lines  80  feet 
35mm  Fa stax  Camera 
Rd.  2 - 14"  HC  Mk  19-4 
Total  Weight  1268*4  lbs. 


2100  frames  per  sec. 
Fillers  Explosive  “D" 
Filler  Weight  104.2  lbs. 


Frame  in  Which 

Hit  Occurred  No.’  Fragments  Velocity  (t/s) 


89 


2 

2 

2 

1 

1 

1 

1 

1 


2300 

2270 

2210 

2180 

2150 

1930 

1910 

1890 


Median 

Average 


2230 

2150 
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Major  Caliber  HC  Projectiles 


TABLE  IV (Continued) 


Base  Lines  80  feet 
35mm  Fastax  Camera 
Rd.  3 “ 14"  HC  Mk  19-4 
Total  Weight  1272.3  lbs. 


3030  frames  per  sec. 
Filler:  Explosive  "D" 

Filler  Weight  104.2  lbs. 


Frame  in  Which 


106 

107 

108 

109 

110 
112 
113 

115 

116 
117 


1 

2 

1 

2 

3 

2 

1 

1 

3 

2 


2290 

2270 

2240 

2220 

2200 

2160 

2150 

2110 

2090 

2070 


Median 

Average 


2190 

2170 
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Major  Caliber  HC  Projectiles 


Metallurgical  Examination  of  Fragments 
from  12“  HC  Projectiles  Nos.  1421  (Rd.  No.  1), 
14.22_lRd No^  2)  and  1423  (Rd . No . 3)  .. 


Chemical  Composition! 

A heavy  fragment  <320-640  grams)  frco  each  projectile  was 
analyzed. 


Projectile 


number. 

, JL. 

-Hn  -P-_ 

. S 

Si 

JUL 

Cr 

Mo 

1421 

.45 

1.68  .030 

.018 

.19 

.28 

,98 

under  .10 

1422 

.41 

1 .55  .023 

.011 

.23 

.19 

.92 

under  .10 

1423 

.44 

1.64  .028 

.019 

.23 

.22 

.98 

under  .10 

There  were  no  significant  differences  in  the  chemical  com- 
position of  the  three  (3)  projectiles.  The  steel  was  a manganese- 
chromium  alloy  type  with  residual  nickel  and  molybdenum. 

Hardness! 

A fragment  from  the  1 60-320  grams  grc*ip  and  from  the  320-640 
grams  group  of  each  projectile  was  sectioned  and  Vickers  hardness 
tests  were  made  on  relatively  undisturbed  metal  near  the  outside 
wall  of  the  projectile. 

Projectile  Vickers  Hardness  Number  (20  kg.) 

lfen£g£— . l6grJL?.Q,. £&SL i-JlmE  A20-640,  gms.  Group 

1421  260  253 

1422  2?4  279 

1423  296  315 

Projectile  No.  1421,  which  showed  the  finer  fragmentation, 
apparently  was  a little  softer  than  either  of  the  other  projec- 
tiles. However,  Nos.  1422  and  1423  had  a considerable  difference 
in  hardness  which  nevertheless  did  not  affect  their  relative 
performance. 

Impact  Strength! 

Charpy  V-notch  impact  tests  wore  made  using  5 x 10  x 55  mm. 
specimens  propared  from  the  larger  fragments  by  selective  machining. 
The  tost  bars  wore  cut  longitudinal  to  the  projoctilo  axis  and 
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Major  Caliber  HC  Projectiles 


Metallurgical  Examination  of  Fragments 
from  12”  HC  Projectiles  Nos.  1421  (Rd.  No.  1), 
1422^(Rti  ^ No  an<l  1423  CM.  No.,  V)  (Continued) 


were  notched  tangential  to  the  projectile  diameter  on  a 5mm  face. 
In  spite  of  come  difficulties  indicated  by  the  data  in  Table  (M-l) 
the  results  appeared  to  be  significant  particularly  with  regard  to 
the  estimation  of  per  cent  grain  on  the  fracture  surfaces.  The 
test  values  were  plotted  in  Figure  (M-l)  to  show  the  relation  be- 
tween impact  strength  and  temperature. 

The  estimated  transition  temperatures  for  5 0, % grain*—  50$  shear 
fractures  were  as  follows! 

• Projectile  Transition  Temperature 

1421  +I55ec 

1422  + 90 °C 

1423  +100 °C 


Measured  bv  the  high  transition  temperatures,  all  three  (3) 
projectiles  would  be  .classed  as  "temper  brittle"  but  the  rela- 
tively higher  transition  temperature  observed  for  the  steel  of 
Projectile  No.  1421  indicated  a comparatively  greater  tendency 
toward  brittle  failure  than  for  the  other  two  (2)  projectiles. 

Macrostructure*! 


The  fragments  of  Projectile  No.  1421  tended  to  show  a rela- 
tively greater  tendency  toward  interna?  cracking  as  illustrated 
by  the  unetched  section  in  Figure  (M-2).  The  predominant  mode 
of  fracture  was  a radial  type  of  cracking  probably  caused  by 
tonsil"  stresses  in  the  expanding  side  wall  at  the  beginning  of 
detonation. 

The  macrostructure  of  the  etched  sections  is  illustrated  in 
Figure  (M-3)*  The  fragments  from  Nos.  1421  and  1422  HC  Projec- 
tiles showed  both  the  original  cast  dendritic  structure  near  the 
outer  wall  and  the  worked  structure  from  forging  along  the  inside 
wall.  Tiie  No.  1423  fragment  had  a more  extensively  worked  struc- 
ture such  as  might  have  occurred  near  the  base  of  the  projoctilo. 
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Major  Caliber  HC  Projectiles 


Metallurgical  Examination  of  Fragments 
from  12”  HC  Projectiles  Nos.  1421  (Rd.  No.  1) 
1422  (Rd » JBu.  2)  .-.  and.  .1421  _(Rd  ._No.>_^)_XC_ont iixuMl 


Microstructure* 


The  photomicrographs  in  Figure  (M-4)  indicated  a quenched  and 
tempered  microstructure. 


Projec- 

tile 

Number 

Inclusion 

Rating 

(ASTM 

Globular 

Microstructure  Oxides) 

Austenitic 

Grain 

. ..  - 

If*  On.®  id— 

Ehn  Grain 
. , ,S*ge ..... 

1421 

Fully  tempered  No.  2 - thin 

structure • 

3-4 

2-3 

1422 

Less  tempered  No,  4 - thin 

than  #1421. 

3-4 

3 

1423 

Less  tempered  No.  4 - thick 

than  #1422  (and 
#1421) . 

3-4 

2 

The  amount  of  tempering  decreased  in  the  following  order* 
#1421  - #1422  - #1423.  This  change  corresponded  to  a gradual 
increase  in  hardness  as  indicated  by  the  values  given  in 
Figure  (M-4). 

The  inclusion  rating,  although  based  on  a limited  sample 
size,  showed  a gradual  increase  of  inclusion  content  in  the 
order*  #1421  - #x422  - #1423. 

A coarse  grain  si2e  was  observed  in  all  three  (3)  samples. 
Discussion* 

The  body  of  the  12*  HC  Projectile  No.  1421— with  the  most 
desirable  fragment  distribution— was  softer,  had  a more  ductile 
microstructure  and  was  a cleaner  steel  than  that  of  the  other 
test  projectiles.  However,  Projectile  No.  1422,  which  was 
intermediate  in  these  same  respects,  had  a fragment  mass  distri- 
bution almost  exactly  like  that  of  No.  1423  and  not  at  all  like 
No.  1421.  The  only  respect  in  which  the  latter  projectile  was 
observed  to  diffor  appreciably  from  the  other  two  (2)  projectiles 
was  in  the  groator  tendency  toward  brittle  failure  shown  by  the 
impact  test. 
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Metallurgical  Examination  of  Fragments 
from  12“  KC  Projectiles  Nos.  1421  (Rd.  No.  1) 

.flo 31  J&S&LraM  1 


The  other  projectile  steels  woro  also  temper  brittle  by  ordinary 
standards. without  causing  unusual  fragmentation  but  it  is  possible 
that  tho  relatively  high  order  of  brittleness  in  Projectile  No.  1421 
could  have  exceeded  some  critical  value  abovo  which  fragmentation 
might  bo  affected.  The  finer  fragmentation  of  12“  HC  Projectile 
No.  1421  therefore  may  have  been  associated  with  a relatively 
greater  tendency  toward  brittleness  shown  by  the  impact  test. 
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Ch-W  V-Hoteh  Ircpsct  Tests  on  Fronts  from  12  H.C  .Projectiles^  ^ 
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Major  Caliber  HC  Projectiles 


(A) 


. NP9-43408 

Projectile  Mo.  1421 
Hardness,  262  VPN  (10  leg) 


(B)  NP9 *-43409 

Projectile  No,  1422 
Hardness  i 283  VPN  (10  kg) 


NP9-43410 
Projectile  No.  1423 
Hardness,  312  VPN  (10  kg) 

Miorostruoturea  in  Side  Wall  Fragments  from  Throo  12”  HC  Projeotilos, 
Longitudinal  Sections  of  160-320  gtna.  Group, 

Etch i Nital-picral,  »-  Magnification*  250X 

a \ - ■ ■■  r ,:k- 


FORMATION 


■i  : ' VI  3?  g?  ?; 
i UM w p v- 

Figure  (M-4l 


APPENDIX  D 


kpg  report  ico,  1105 


Major  Caliber  KC  Projectiles 


DISTRIBUTION 


Bureau  of  Ordnance 

Ad3 

Re2 

He3 

Re3d 


Chief  of  Ordnance 
Department  of  the  Army 

Attm  ORDTX-AR  1 

Nary  Research  Section 
Library  of  Congress 
Washington  25,  D.  C. 

(Via  KJQRD  R©3)  2 
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DISTRIBUTION  (Continued) 


Inst,  for  Cooperative  Research 
JHUA315  St.  Paul  St. 

Via*  (District  Chief,  Phila.  Ord  District 
1500  Chestnut  St.,  Phila.  2,  Pa. 


Attn*  Mr.  Edward  R.  C.  Niles)  1 

Booing  Airplane  Company 
Seattle  Division 

Seattle,  Washington  1 

Commanding  Officer 
Fri\nkfoxtt  Arsenal 

Philadelphia,  Pa.  1 

Locals 

OT  1 

OTZ  1 

OT-1  1 

Pile  1 


